Polymerase zeta dependency of increased adaptive mutation frequencies in nucleotide excision repair-deficient yeast strains.
Reversions of an auxotrophy-causing frameshift allele during prolonged starvation of yeast cells were used as a means to elucidate the mechanisms concerned with the generation of spontaneous adaptive mutations in cell cycle-arrested cells. Whereas about 50% of these reversions were previously shown to depend on the non-homologous end joining pathway of DNA double-strand break repair, the origin of the residual 50% remains unknown. In search for a mechanism for generation of the latter fraction of reversions we examined the role of the translesion synthesis (TLS) polymerases zeta, eta and Rev1p in cells with wild-type or impaired nucleotide excision repair (NER) capacity. The basal level of adaptive mutations in the repair-proficient wild type was not influenced by disruptions of the genes coding for these three TLS polymerases. Intriguingly, a deficiency in NER by disruption of RAD14, RAD16 or RAD26 resulted in a significantly higher frequency of adaptive mutation, yet this increase was strictly dependent on an intact REV3 gene, coding for the catalytic subunit of polymerase zeta. Furthermore, we observed that intact REV3 was also required for the occurrence of increased frequencies of adaptive mutants in the NER-proficient wild type following UV irradiation. While in proliferating cells the translesion synthesis function of polymerase zeta is connected to DNA replication, our data suggest that in cell cycle-arrested cells this enzyme is able to carry out either TLS or error-prone polymerization along an undamaged template in the course of repair processes. Such a hitherto unappreciated activity of polymerase zeta in non-replicating cells may contribute to the incidence of mutations in evolution, aging and cancer.